THE CARDIOVAGAL BAROREFLEX regulates short-term blood pressure (BP) homeostasis through reflex modulation of autonomic neural activity directed toward the heart (15) . In healthy individuals, BP perturbations are indirectly detected by baroreceptors, afferent mechanosensitive nerve fibres that terminate at the carotid sinuses (CS) (61) , and the aortic arch (AA) (10) . Changes in BP induce mechanical deformation of the artery, which alters the firing rate of the baroreceptors. Afferent nerve fibers (i.e., glossopharyngeal and vagus nerve) carry impulses to the brain stem where the signal is processed and an efferent signal is elicited. Efferent nerves travel from the brain stem to the heart to modulate heart rate (HR) (2) . The cardiovagal baroreflex cascade can be divided into two components. The initial stage involves the transduction of BP into mechanical deformation and is referred to as the arterial component (sometimes referred to as the mechanical component), whereas the transduction of vessel stretch into changes in HR is referred to as the neural component (58) .
The efficiency of the cardiovagal baroreflex to modulate HR or R-R interval (RRI) in response to systolic blood pressure (SBP) fluctuations is known as cardiovagal baroreflex sensitivity (cvBRS) and is altered by several factors such as aging (32) , hypertension (7) , and physical exercise (40) . One mechanism underlying cardiac death in individuals with cardiovascular disease (e.g., postmyocardial infarction and heart failure) may be a diminished cvBRS (31) . Also, Kiviniemi et al. (28) identified that middle-aged individuals who had not previously suffered a cardiac event, yet had a cvBRS of Ͻ3 ms/mmHg, were at a ninefold greater risk of cardiac death compared with healthy individuals with a cvBRS Ͼ3 ms/mmHg. This evidence underscores the clinical importance of understanding factors that contribute to cvBRS variability.
Alterations in cvBRS may originate at either the arterial or neural component of the cardiovagal baroreflex. Given that baroreceptors are located in the medial-adventitial layer of the CS (61) and AA (10) and arterial deformation elicited by changes in transmural pressure are required to alter baroreceptor firing (25) , the mechanics of these vessels (e.g., distensibility) are important determinants of cvBRS. Several studies support this concept with evidence of a concomitant increase in arterial elasticity as well as cvBRS with exercise (39, 41) , in addition to parallel decreases in both measures with aging (34) . Experimental studies have demonstrated relationships between cvBRS and both distensibility (i.e., measured across a cardiac cycle) as well as maximal arterial distensibility (i.e., during the first 5-mmHg pressure increase in early systole) (6, 54) . However, a majority of these studies examined common carotid artery (CCA) mechanics, with few exploring the contribution of baroreceptor harbouring vessels (i.e., CS and AA) to cvBRS. Studies examining the contribution of discrete populations of baroreceptors via experimental manipulation of BP have identified that AA baroreceptors may have a dominant role in the baroreflex regulation of HR (17, 36) . However, these studies did not directly examine the mechanics of these vessels and as a result the relative contribution of CS and AA mechanics to cvBRS remains unclear.
Sex differences are widespread throughout the cardiovascular system. For example, the prevalence of cardiovascular disease and hypertension is greater in males than females (20) . In healthy individuals, several studies report that compared with females, males demonstrate greater cvBRS (4, 32) and lower arterial elasticity (29, 43, 49, 65) . Although these data contradict the positive relationship between vascular mechanics and cvBRS (6) , no study has simultaneously examined sex differences in both cvBRS and vascular mechanics.
The objective of the current study was to employ sex differences (4, 43) as a model to examine the contribution of barosensory vessel mechanics to cvBRS. Based on evidence suggesting a dominant contribution of the AA baroreceptors to HR modulation by the cardiovagal baroreflex (17, 36) , this study tested the hypothesis that differences in cvBRS between groups would be explained by the vascular mechanics of the AA but not the CS.
METHODS
Participants. Thirty-six young, nonsmoking, normotensive individuals (18 females; average 24 Ϯ 2, 19 -28 yr) gave informed written consent to participate in this study. Only healthy individuals free of overt cardiovascular disease or cardiovascular risk factors and not currently taking BP or autonomic modulating medications were included in this study. Testing occurred between 09:00 and 11:00 h after a fasted rest. Participants refrained from physical activity, alcohol, and caffeine consumption 12 h before testing. To control for the potential effects of hormone fluctuations on both cvBRS and arterial mechanics, females were tested during the hormonal low phase of their menstrual cycle (i.e., days 1-7, menstruation) (21, 23) . Both oral contraceptive using and nonusing females were included in this study.
Experimental design. Participants reported to the Human Hemodynamics Laboratory at Brock University to participate in this study. Before the experimental protocol, participants were invited to attend a familiarization session, which included a description of the experimental details and protocol. At this time, participants filled out the medical history questionnaire, in addition to reviewing and signing the informed consent form approved by the Brock University Research Ethics Board. On the testing day, participants voided their bladder before data collection to prevent the effect of bladder distension on arterial BP (16) . First, anthropometric measurements including height, body mass, waist and hip circumferences, as well as body composition assessment were conducted. After anthropometric and body composition measures, participants assumed the supine position for 15 min to achieve a stable baseline. Participants were instrumented, followed by three manual BP measurements and a subsequent 10-min beat-bybeat RRI and BP collection. After this was completed, AA and CS ultrasonography as well as applanation tonometry were performed. Three manual BPs were taken postdata collection to ensure baseline BP values.
Anthropometric measures. A stadiometer (STAT 7X, Ellard Instrumentation, Monroe, WA) was used to measure height (cm) and a digital scale (BWB-800S, Tanita, Tokyo, Japan) was used to measure body mass (kg). Body mass index (BMI) was calculated (kg/m 2 ). Waist and hip circumferences (cm) were measured using an inelastic tape at the iliac crest and widest part of buttocks, respectively. Waist-to-hip ratio (WHR) was calculated by dividing the waist circumference by the hip circumference. Body composition (i.e., proportion fat mass and absolute lean/fat mass) was assessed via airdisplacement plethysmography (BODPOD, Gold Standard, Life Measurement, Concord, CA) (18, 44) .
Cardiovascular measurement. RRI, the time between successive heartbeats, was obtained via three-lead electrocardiogram. Beat-bybeat noninvasive BP was measured at the left middle finger via finger photoplethysmography (Nexfin, BMEYE, Amsterdam, The Netherlands) placed at heart level. Continuous BP and RRI were recorded for 10 min. Before and after data collection, three manual BP readings were taken at the right brachial artery using a stethoscope and sphygmomanometer. Beat-by-beat finger BPs were adjusted to the average brachial SBP and diastolic blood pressure (DBP) taken before data collection. BP and RRI were sampled using an online data analysis and acquisition system (Powerlab and Chart 7, ADInstruments) at 1,000 Hz, providing a resolution of 1 ms.
Cardiovascular analysis. One-minute average brachial-adjusted finger BPs were calculated from the beat-by-beat data collection. Mean arterial pressure (MAP) and brachial pulse pressure (PP) were calculated. Continuous RRI and BP data were inspected for ectopic beats; however, no irregularities were identified for this sample of participants. Matlab (Mathworks, R2012b) was used to interpolate and resample the data using the mean cardiac frequency. Five minutes of continuous data collection were used to determine low-frequency (LF: 0.04 -0.15 Hz) spectral area of both RRI and SBP using Fast Fourier Transform. cvBRS was then calculated using transfer function analysis in the LF domain. A coherence of Ն0.5 was employed for gain relationships (45) .
Arterial measurement. After the 10-min baseline period, ultrasonography (Vivid I, General Electric Medical Systems, The Netherlands) was used to measure arterial diameters of the right CS (proximal internal carotid artery distal to the carotid bifurcation; Fig. 1, top) and the AA (between the brachiocephalic and left CCA branches; Fig.  1 , bottom) using a 4-MHz phased array transducer for the AA and a 12-MHz linear array transducer for the CS. The suprasternal view was used for AA imaging as it depicts the AA and the three supra-aortic vessels (i.e., brachiocephalic, left CCA, and left subclavian). Diastolic and systolic arterial diameters were measured using EchoPAC software calipers (ECHOPAC7-002308, General Electric Medical Systems) at the R-wave and at the end of the T-wave, respectively. Arterial diameter was measured at the adventitial-medial border of the near wall to the medial-adventitial border of the far wall.
Local PPs were derived from arterial waveforms of the CS, obtained noninvasively by a hand-held applanation tonometer (Millar Instruments, Houston, TX). The absolute CS BP was not known. The validity of this technique has been demonstrated previously (41, 53) . CS tonometry was performed following cvBRS data collection to eliminate the potential effect of changes in CS transmural pressure on cvBRS (25) . As direct AA PP measurement would have required catheterization, central PPs were measured indirectly using a previously validated transfer function algorithm [central PP (mmHg) ϭ 0.90 (brachial adjusted finger PP) Ϫ 12.5] (9) applied to brachialadjusted finger PPs. Aortic PP values obtained in this study were similar to age and sex-adjusted values reported in a meta-analysis by Herbert and colleagues (22) . Previous studies have employed brachial PP to calculate aortic distensibility (34, 43) . However, because of the amplification phenomenon, PP measured at the brachial artery is greater than central arterial values (33) . Therefore, distensibility calculations utilizing brachial PP underestimate aortic distensibility.
Arterial diameters and local PP were used to determine CS and AA distensibility (mmHg Ϫ1 ) using the formula (33):
, where Ds indicates systolic diameter, Dd indicates diastolic diameter, and PP indicates local pulse pressure.
Statistical methods. Descriptive statistics were computed for demographic, anthropometric, and hemodynamic variables. Continuous variables were expressed as means Ϯ SD. The categorical variable (i.e., oral contraceptive use) was expressed as a frequency (%). Shapiro-Wilk tests of normality were used to assess variable distribution. Independent sample t-tests were performed to detect sex differences in normally distributed variables, whereas Mann-Whitney tests of independent samples were used to detect sex differences in nonnormally distributed variables. Pearson's tests of correlation were used to assess univariate correlates of cvBRS. Multivariate linear regressions were performed to assess whether sex differences in cvBRS persisted when controlling for covariates, as well as to identify which variables explained cvBRS variability. We acknowledge that some investigators will only include covariates that are significantly associated with the dependent variable; however, we feel that nonsignificant covariates may be included into multivariate regression models. This strategy has been employed in other investigations (55) . Therefore, physiologically plausible variables were included in the multivariate models if they were different by sex in the current study and if the variable demonstrated a significant relationship with cvBRS in the current or in previous investigations. Hence, a significant univariate relationship between cvBRS and the covariates in the present study was not required to be included in multivariate models. Statistical analyses were performed using SPSS (v20, SPSS, Chicago, IL). Tests were two-tailed, ␣ ϭ 0.05.
RESULTS
Sample characteristics. Thirty-six young individuals (n ϭ 18 females; average 24 Ϯ 2, 19 -28 yr) participated in this study. All participants provided cvBRS data, yet due to inadequate acquisition of PP and/or arterial diameters, CS and AA distensibility data are based on 30 and 17 individuals, respectively. Table 1 displays subject demographic, anthropometric, and hemodynamic data. With the exception of RRI (P ϭ 0.29), sex differences existed for all anthropometric and hemodynamic variables (P Ͻ 0.05). When compared with females, males had greater SBP (P Ͻ 0.01), DBP (P ϭ 0.01), MAP (P Ͻ 0.01), and brachial PP (P ϭ 0.02). Of the females, 12 of 18 were taking oral contraceptives.
cvBRS. Females had 32% greater cvBRS than males (25 Ϯ 11 vs. 19 Ϯ 7 ms/mmHg, P ϭ 0.04; Fig. 2A ). cvBRS was 22 Ϯ 9 ms/mmHg for the sample and demonstrated a positive correlation with RRI (r ϭ 0.46, P Ͻ 0.01) and inverse relationships with SBP and MAP (r ϭ Ϫ0.45 and r ϭ Ϫ0.35, respectively, P Ͻ 0.05). Together, SBP and RRI explained 37% of cvBRS variability (P Ͻ 0.01).
Arterial mechanics. When compared with males, females demonstrated greater AA distensibility (P ϭ 0.02, Fig. 2B ). Females demonstrated smaller AA diastolic diameters (P ϭ 0.02) and a trend toward smaller AA systolic diameters (P ϭ 0.06) compared with males. There were no differences in CS distensibility by sex (P ϭ 0.32; Fig. 2C ). Females demonstrated both smaller CS diastolic diameters (P ϭ 0.03) and smaller CS systolic diameters (P ϭ 0.03) compared with males. No sex differences were identified for distension or PP at either site (all P Ͼ 0.05). Arterial mechanics are shown in Table 2 .
Multivariate linear regression analysis. Multivariate linear regression was employed to assess whether sex differences in cvBRS were independent of variables that fit our aforementioned criteria (5, 32) . Sex differences in cvBRS remained significant when controlling for age, proportion of fat mass, and WHR (␤ sex Ϯ SE: Ϫ11.4 Ϯ 5.0 ms/mmHg, P ϭ 0.04). However, when SBP was added to the model, sex differences Values are means Ϯ SD; n ϭ number of subjects. BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; RRI, R-R interval. Independent sample t-tests were employed unless otherwise stated. *MannWhitney U test.
in cvBRS were eliminated (␤ sex Ϯ SE: Ϫ6.9 Ϯ 5.3 ms/mmHg, P ϭ 0.21)(7). Likewise, when entered separately, sex differences in cvBRS were no longer significant upon controlling for AA distensibility (␤ sex Ϯ SE: Ϫ5.5 Ϯ 4.0 ms/mmHg, P ϭ 0.19). CS distensibility was not included in the multivariate models as it was not significantly different by sex, yet additional analyses found that controlling for CS distensibility also eliminated sex differences in cvBRS (␤ sex Ϯ SE: Ϫ3.9 Ϯ 3.3 ms/mmHg, P ϭ 0.25). Nonetheless, two supplementary pieces of evidence suggest that AA distensibility is an important contributor to cvBRS variability. First, AA distensibility exhibited a trend toward explaining cvBRS variance (R 2 ϭ 0.18, P ϭ 0.09; Fig. 3B ), whereas CS distensibility (R 2 ϭ 0.06, P ϭ 0.21; Fig. 3A) did not. Second, the trend toward AA distensibility explaining cvBRS variability further approached significance (P ϭ 0.06) when adding CS distensibility (P ϭ 0.42) as a covariate. This model explained 26% of cvBRS variability; however, it was not significant (P ϭ 0.14).
DISCUSSION
The current study presents novel observations regarding the contribution of barosensory vessel mechanics to cvBRS. Specifically, this study identified that 1) compared with males, females demonstrated both greater cvBRS and AA distensibility, whereas no difference in CS distensibility was observed; and 2) when controlling for AA distensibility, sex differences in cvBRS were eliminated. These results suggest that the vascular mechanics of the AA contribute to differences in cardiovagal baroreflex modulation of HR during supine rest in young healthy individuals.
A majority of previous studies investigating vascular mechanics and cvBRS have examined the CCA (6, 41), which because of its superficial location allows relatively easy image acquisition. As a result, the relative contribution of baroreceptor harboring vessel (i.e., CS and AA) mechanics to cvBRS remains unclear. Although the purpose of this study was not to investigate CCA mechanics (see Ref. 46 for CCA methodology), additional analyses suggest that in our sample of males and females, the distensibility of the CCA, CS, and AA were all different. Fourteen participants had distensibility measures at all three sites. A repeated measures ANOVA was performed on these data, and Bonferroni post-hoc analyses (both P Ͻ 0.01) demonstrated that AA distensibility (13.9 Ϯ 5.9 mmHg Ϫ1 ϫ 10 Ϫ3 ) was greater than both CCA (6.91 Ϯ 1.8 mmHg Ϫ1 ϫ 10
Ϫ3
) and CS distensibility (4.27 Ϯ 1.1 mmHg Ϫ1 ϫ 10 Ϫ3 ). Twenty-eight participants had both CCA and CS distensibility data. In this subsample, a paired t-test demonstrated greater distensibility at the CCA than the CS (7.09 Ϯ 1.9 vs. 5.03 Ϯ 1.9 mmHg Ϫ1 ϫ 10 Ϫ3 ; P Ͻ 0.01). Moreover, AA distensibility did not correlate with either CS (r ϭ Ϫ0.09, P ϭ 0.74) or CCA (r ϭ 0.29, P ϭ 0.29) distensibility. The distensibility of the CCA and CS exhibited a trend toward a weak positive correlation (r ϭ 0.34, P ϭ 0.08). These data underscore the importance of examining the arterial mechanics of the CS and AA as well as highlight the novelty of the current study as few human and animal studies have investigated this topic (17, 36, 47) . Ferguson et al. (17) selectively unloaded the CS baroreceptors via neck pressure (i.e., hypotensive CS stimuli) while simultaneously administering phenylephrine (i.e., systemic hypertensive stimuli). In this study, cvBRS was reduced by only 30% when eliminating the CS baroreceptor contribution, suggesting an important role of the AA baroreceptors in baroreflex-mediated HR regulation. Mancia et al. (36) support this finding, as they identified a threefold increase in cvBRS when loading/unloading both AA and CS baroreceptors compared with selectively loading/unloading CS baroreceptors. These data suggest that the AA baroreceptors may be of greater importance in baroreflex modulation of HR. The current findings offer a potential mechanism to support and extend previous data. That is, AA distensibility explains cvBRS variability, suggesting that AA mechanics contribute to cvBRS. Previously, Taylor et al. (59) found that small changes in BP (induced by lower body negative pressure) induced large (47%) changes in aortic cross-sectional area. The current data complement these findings (59) by highlighting that aortic distensibility contributes to differences in cvBRS. As vessel deformation depolarizes baroreceptors and modulates afferent neuronal firing (25) , AA vascular mechanics likely enable the baroreflex to initiate HR changes in response to minor BP alterations. Collectively, this evidence lends support to the hypothesis that AA mechanics significantly contribute to cvBRS.
We employed sex differences as a model to examine the contribution of barosensory vessel mechanics to cvBRS. Several studies have reported sex differences in both cvBRS and arterial mechanical properties (4, 32, 43) . Thus sex disparities served as a tool to investigate this topic in young, healthy individuals. A novel finding in this study was that cvBRS measured by transfer function analysis was 32% greater in females than males, indicating more efficient baroreflex-mediated changes in HR, in response to SBP fluctuations. The present data contradicts previous studies where greater cvBRS was reported in males compared with females (4, 32). For example, Beske et al. (4) found males to demonstrate greater cvBRS than females when using pharmacological methods. However, the current findings may not be comparable to Beske and colleagues due to differences in the methods employed, as pharmacological techniques evoke large BP perturbations to measure cvBRS, whereas spontaneous methods analyze small physiological fluctuations in SBP and RRI. In fact, several studies employing spontaneous methods to measure supine cvBRS have found females to exhibit a cvBRS similar to or greater than males (1, 26, 56, 57) . Specifically, Tanaka et al. (56) found that compared with males, young females (in the low hormone phase) demonstrated greater cvBRS in response to spontaneous drops in BP. Therefore, it is possible that the current data contradict previous observations due to sex differences in the ability of the baroreceptors to regulate large versus small BP fluctuations.
Sex hormones may be implicated in cvBRS differences observed in the present study. Research has found that postmenopausal females taking hormone replacement therapy demonstrate enhanced cvBRS, suggesting a modulatory role of female sex hormones on cvBRS (24) . However, the results from this study must be interpreted with caution as the authors did not report the type, dose, or duration of the therapy (24) . Studies in both animals (13) and humans (67) support this with evidence suggesting that estrogen may have a facilitator role on cvBRS, whereas an investigation of pregnant rats demonstrates that progesterone may not modulate baroreflex regulation of HR (37) . Likewise, human and animal studies provide evidence to suggest that testosterone may modulate cvBRS (8, 14) . For example, it was observed that castration of male rats was associated with a reduction in cvBRS, and testosterone replacement was associated with an increase in cvBRS to the level of controls (14) . Collectively, these data suggest that sex Values are means Ϯ SD; n ϭ number of subjects. Dd, diastolic diameter; Ds, systolic diameter; PP, pulse pressure. Independent sample t-tests were employed unless otherwise stated. *Mann-Whitney U test. Fig. 3 . Association between cardiovagal baroreflex sensitivity (cvBRS) and carotid sinus (CS) distensibility (r ϭ 0.24, P ϭ 0.21) (A) and aortic arch (AA) distensibility (r ϭ 0.42, P ϭ 0.09) (B). OE, females; , males. hormones modulate cvBRS; however, as evidence indicates that both estrogen and testosterone enhance cvBRS, further research is required to understand which of these hormones has a larger impact on cvBRS in humans. Likewise, previous research suggests that sexual dimorphism may exist with respect to how males and females regulate short-term BP, such that males may rely on changes in vascular conductance, whereas females may rely on changes in cardiac output (27) . This may be attributed to differences in efferent autonomic activity in response to stressors, such that males demonstrate greater sympathetic responses (52), whereas females exhibit greater parasympathetic responses (12) . These differences may provide insight to why females demonstrated more efficient baroreflex regulation of HR in the present study. However, the current study did not measure baroreflex regulation of sympathetic nerve activity and as a result the contribution of barosensory vessel mechanics to cvBRS can only be examined.
Multivariate linear regression was employed to assess whether sex differences in cvBRS were attributed to variables found to differ between males and females (i.e., age, proportion of fat mass, WHR, SBP, and AA distensibility). Previous studies found cvBRS to be associated with these factors (5, 7, 32, 34) ; however, the current evidence suggests that of these variables, only SBP and AA distensibility explained cvBRS sex differences. Given that rises in SBP are involved in vascular stiffening (3), one may speculate that sex differences in cvBRS can be attributed to SBP. Though, contradictory evidence regarding the directionality of the SBP-arterial stiffness relationship refutes this notion (35) . Also, if SBP is responsible for cvBRS sex differences, then one would expect to observe sex differences in CS distensibility, yet this was not observed in the current study. The current data suggest that SBP explains 56% of AA distensibility variability (not shown), indicating that factors beyond SBP account for a large proportion of AA distensibility variance. The importance of SBP to cvBRS sex differences in this study may be confounded by the fact that baseline fluctuations in SBP are used as the input variable for transfer function analysis (45) . It is likely that sex differences in cvBRS were not driven by differences in SBP between males and females in the present study considering that studies by Beske et al. (4) and Arzeno et al. (1) both found males to exhibit greater SBP than females, yet obtained incongruent results regarding cvBRS. Even though CS distensibility did not differ by sex, multivariate regression analysis also suggested that CS distensibility was a factor in cvBRS sex differences. Further analysis found AA distensibility to exhibit a trend toward a significant positive relationship with cvBRS (P ϭ 0.09), which further approached significance (P ϭ 0.06) when adding CS distensibility (P ϭ 0.42) to the model. It is logical that the arterial mechanical properties of both sites contribute to cvBRS, yet our evidence suggests that AA mechanics play a significant role in cvBRS sex differences.
Of the variables that were included as covariates in the multivariate models, only SBP demonstrated a significant univariate relationship with cvBRS. The inclusion of covariates that demonstrated nonsignificant correlations with the dependent variable is not unorthodox (55) . The criteria to determine whether a variable should be included as a covariate in this study were 1) physiologically plausible variables different by sex in the current study and 2) variables that demonstrated a relationship with cvBRS in the current study or previous investigations. CS distensibility was not included in the primary analysis because it violated criterion one. Several reasons also justify our inclusion of AA distensibility as a covariate. First, our hypothesis tested that differences in cvBRS between groups would be explained by the vascular mechanics of the AA but not the CS. Second, the relationship between AA distensibility and cvBRS is physiologically plausible (i.e., baroreceptors are located in the AA) (10) . Previous research supports this with evidence of a positive linear relationship between cvBRS and AA mechanics (6, 54) . Third, previous evidence regarding the cvBRS-AA distensibility relationship is supported by our study, which identified a trend toward AA distensibility explaining a proportion of cvBRS variability (R 2 ϭ 0.18; P ϭ 0.09). Fifth, sex differences in cvBRS and AA distensibility displayed the same directionality, yet no sex differences were detected at the CS, which supports our hypothesis.
As for arterial mechanical properties, our findings align with previous data by Nethononda et al. (43) who performed magnetic resonance imaging of the aorta and found young females to exhibit greater ascending, proximal descending and abdominal aorta distensibilities compared with young males (43) . Given that no previous study has examined sex differences in CS mechanics, our findings cannot be compared directly to others. However, studies by Vermeersch et al. (64) and others (19) partially support our findings, as they found no sex differences in CCA distensibility. This comparison must be made with caution as the elastic properties vary between the CS and CCA (48) . The current study was not aimed to address mechanisms responsible for regionally specific sex differences in vascular mechanics. However, it is hypothesized that sex hormone receptor concentration and density (50) or arterial anatomy (51) may be involved. In conjunction with other data, our results support the notion that compared with young males, aortic elasticity is greater in young females, while they suggest that the arterial mechanics of the CS may not differ by sex.
The CS distensibility (4.98 Ϯ 1.9 mmHg Ϫ1 ϫ 10 Ϫ3 ) reported here is very similar to that reported by Lenard et al. (5.57 Ϯ 1.4 mmHg Ϫ1 ϫ 10 Ϫ3 ) (34), whereas AA distensibility in the current study (13.3 Ϯ 5.7 mmHg Ϫ1 ϫ 10
) is greater than that measured by Nethononda et al. (ϳ8.5 mmHg Ϫ1 ϫ 10 Ϫ3 ) (43) . However, this discrepancy is likely due to the PP used for the distensibility calculation as Nethononda et al. (43) used brachial PP, whereas the current study used central PP. In fact, AA distensibility (7.78 Ϯ 2.8 mmHg Ϫ1 ϫ 10 Ϫ3 ) was comparable to Nethononda et al. (43) when brachial PP (43 Ϯ 8 mmHg) was used rather than central PP (26 Ϯ 8 mmHg) . Additionally, the finding that aortic PP values obtained in this study were similar to age and sex-adjusted values reported in a meta-analysis by Hebert and colleagues (22) supports our methodology.
Limitations. This study had several limitations. First, we tested only young, healthy males and females, which limits the generalizability of these results to other populations (e.g., older individuals, hypertensives, and/or obese individuals). Second, of our females, 12 were taking oral contraceptives. There were no anthropometric or hemodynamic differences between oral contraceptive using and nonusing females (not shown). While Wilczak et al. (68) found no association between oral contraceptive use and spontaneous cvBRS, others have found a modulatory effect of oral contraceptives on sympathetic nerve activity (63) . As all females were tested during self-reported menstruation, it is likely that ovarian hormone concentrations were low in both oral contraceptive and nonoral contraceptive users (23) . Third, we did not measure physical fitness or activity in this study. While increases in physical fitness are associated with improved cvBRS in older individuals (40), we speculate that this is not a significant confounding factor as a previous study found cvBRS sex differences in young healthy individuals independent of physical fitness (4) . Given that population data suggests that young adult males are more active than females (62) , along with the positive association between physical exercise and cvBRS (40) , it is expected that males would demonstrate greater cvBRS, yet this was not observed. It is speculated that the type of physical exercise performed by the participants may have also impacted our results. The average male proportion of body fat in this study (11.8 Ϯ 4.7%) was similar to values from other studies (66); however, several males had values below 10% suggesting a high proportion of lean mass, which may have been attributed to resistance training. Studies have found resistance training to be associated with reductions in both central elasticity (38) and cvBRS (11) . This may also explain why females in our sample exhibited greater cvBRS than males. Fourth, the investigator responsible for data analysis was not blinded. To minimize the potential bias associated with performing data analysis without blinding, the present study employed strict criteria when analyzing arterial diameters as well as cvBRS. Arterial diameters were measured from the adventitial-medial border of the near wall to the medial-adventitial border of the far wall. Also, only the first 5 min of continuous baseline data free from artifact were analyzed for cvBRS measurement. Fifth, 17 of 36 participants had valid AA data. The anatomical variability of the AA and its branches has been reported (42) and may have limited identification of the region between the brachiocephalic and left CCA branches; thus hindering image acquisition. In some cases the AA could not be properly visualized due to increased chest mass or a small sternal notch area. No significant anthropometric or hemodynamic differences were found between individuals with and without AA data (not shown).
Perspectives and Significance
The present data demonstrate that the mechanics of the AA may explain disparities in cvBRS between groups. These findings suggest that AA mechanics may be an important contributor to cvBRS. This is based on the observation that both cvBRS and AA distensibility were greater in females than males, in addition to the finding that upon controlling for AA mechanics, sex differences in cvBRS were eliminated. Moreover, the univariate relationship between cvBRS and AA distensibility trended toward significance and further approached significance when controlling for CS distensibility, while the CS distensibility-cvBRS relationship was not significant. These data provide a mechanism to support previous findings that suggest a significant role of AA baroreceptors in baroreflex regulation of HR (17, 36) . Future research should explore the contribution of CS and AA mechanics to both cvBRS as well as sympathetic baroreflex sensitivity using an experimental model (i.e., orthostatic stress) to support and extend the present findings. In a clinical setting, these results may have significance as they suggest that AA mechanics may be an important contributor to autonomic activity, which is dysregulated in many diseases (60) . As cvBRS is predictive of both all-cause and cardiovascular mortality in healthy individuals (28) as well as patients at risk of cardiovascular disease (30) , these results should encourage future research to consider AA mechanics when investigating potential therapies for autonomic dysfunction.
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